Production zonality mapping for Khasi mandarin orchards of northeast India
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Success, of precision Citriculture largely depends upon the correctness to which, the spatial variability in soil fertility as a major production constraint is addressed. Redressal of such spatial variability in soil is, therefore, important to identify the nutrient constraint zones vis-à-vis production zones to rationalize the nutrient use  and optimize the factor productivity. Attempts were made to address these issues with the help of spatial technology like geographical information system. (GIS). An extensive exploration of ‘Khasi’ mandarin (Citrus reticulata Blanco) (geographical indicator) growing belts across seven sister states of northeast India, Sikkim and West Bengal was carried out covering 108 orchards from 50 sites (grid points) of different geographical origins. These grid sampling sites were georeferenced and digitized. Voluminous databank was generated with respect to leaf nutrient composition (N,P,K, Ca, Mg, Fe, Mn, Cu and Zn) and fruit yield. The data, hence produced, were subjected to analysis through two diverse kinds of software-based decision support systems in two tiers of interpretation. These included: i. analysis through diagnosis and recommendation integrated system (DRIS) to determine leaf nutrient optima and ii. mapping of spatial variability in nutrient constraints nutrientwise and productionwise using the nutrient optima. The nutrientwise maps  produced were superimposed over each other to identify different production zones displaying high fruit yield and lowest frequency of nutrient constraint. 

Leaf nutrient optima was computed as : 1.97-2.56% N, 0.09-0.10%, P, 0.99-1.93% K, 1.97-2.49% Ca, 0.2400.48% Mg, 85-249 ppm Fe, 43-88 ppm Mn, 3-14 ppm Cu and 17-27 ppm Zn in relation to targeted fruit yield of 33-56 kg/tree using DRIS-based analysis.  Based on these indices, the spatial distribution of map of each nutrient constraint was combined together to obtain the three most productivity citrus zones. The zone with no deficiency of Zn-Mg-P-N  as Zone I (26-270 8-25’ 13-43” N latitude; 92023-59’ 0.82-43”E longitude), with an orchard productivity of  69-104 kg/tree and represented by  Navgaon (Assam) and Rangpara (Assam) was identified as best production zone followed by Zone II (26-270 25-26’ 36-51” N latitude; 93023-58’ 2-21” E longitude) having no deficiency of Zn-P-N with an orchard productivity of 52-68 kg/tree and represented by Golpara (Assam), Mirik (Kalimpong), Lisa hills (Darjeeling) and Zone III (26-270 6-44’ 20-56” N latitude; 91-920 33-57’ 6-17” E longitude)  with no deficiency of  Zn-P, having orchard productivity of 23-51 kg/tree and represented by Shergaon, (Arunachal Pradesh), Dirang (Arunachal Pradesh) and Tenga valley (Arunachal Pradesh). Such production zones are of huge advantage to planned and performance based development of citrus industry under any geographical unit.

Orchard details : An extensive survey of 108 Khasi mandarin orchards located in the humid tropical climate of northeast India covering 590 sq.km and 50 locations in eight states was conducted during 2001-2004.  The various locations in different states comprised :  Dareb Aga, Kharoni, Kherapara, Rengsangiri, Chandgiri, Sesatgiri, Daribokgre (Tura), Saikrab Laityrra,  Manitery (Shella), Jowai, the Jaintia hills, Umroi, the Ribhoi hills, and the South Garo hills in the state of Meghalaya; Namgaon(Navgaon), Golpur (Sunitpur), Chiringia (Jorhat), Baldipara (Goleghat) in the state of Assam; Gori Basar, Upper Basar, Nigam Basar, Duke Along, Angoo Along, Nigmoi Along (West Siang) in the state of Arunachal Pradesh; Moktan, the Liza hills, Bijanbari, Mirik(Darjeeling), Soureni Basti, and Pusur Basti (Kalimpong)in the state of West Bengal; East Sikkim, South Sikkim and West Sikkim in the state of Sikkim;Jiribam, Thangal, (Tamenglong), Bishnupur, and Kachai (Ukhrul) in the state of Manipur; Thindawn, Bualpui, Kawnpui, Melthum, Damdial, Sateek, and Muallungthu in the state of Mizoram; and Vanghumn, Behliangchip, Tlaksih, Bangla, Tlangsang, Sabual, Phuldungsei, Mongchuang, and Humunpui, in the state of Tripura.  The sites of sample collection  represented orchards located at diverse physiographic positions, namely piedmont, pedimont, table land, and  escarpment.  Soils predominantly belonged to soil orders Entisol (Haplaquent, Ustifluvent, and Udifluvent), Inceptisol (Ustochrept and Haplaquept), Alfisol (Rhodustalf, Paleustalf, Haplustalf, Orchraqualf, and Rhodustalf) and Ultisol (Palehumult, Haplustult, Plinthaqult,and Plinthustult). Mineralogically, these soils were grouped as illitic-kaolinitic mixed.  

Development of leaf nutrient optima:  Validity of the leaf analysis as a diagnostic tool 

lies in the total concentration of nutrients in leaf that relates with production output of the crop. Leaf-nutrient concentration like soil fertility showed a vide variation, from 2.05% to 2.35% N (median 2.47%), 0.09% to 0.13% P (median 0.11%), 1.12 to 2.13% K (median 1.43%), 1.82% to 2.42% Ca (median 1.98%), and 0.22 to 0.42% Mg (median 0.34%).  Similarly, the micronutrients, namely Fe, Mn, Cu and Zn, expressed in ppm (parts per million), varied from, 133.5 to 281.2 (median 138.9 ppm), 51.6 to 100.3 (median 60.2 ppm), 5.1 to 22.4 (median 8.5 ppm), and 14.5 to 25.6 (median 25.5 ppm), respectively. Using this data bank, leaf nutrient optima for different nutrients were developed using DRIS based software.

Spatial distribution of nutrient constraints : The leaf nutrient optima developed for Khasi mandarin using DRIS based software was utilized for development of GIS-based maps for distribution of different nutrient constraints (Fig. 1, Fig.2 and Fig.3) showed that  most of the Khasi mandarin orchards were optimum in  N nutrition, low to deficient in P and  optimum to high in K.  Whereas, Ca and Mg nutrition were by and large severely deficient due to poor supply of Ca and Mg in soil.  On the other hand, Fe nutrition was mostly towards high to excess side.  Copper nutrition showed deficiency level, while Mn was mostly optimum to high with majority being at sub optimum level lies in the total concentration of nutrients in leaf that relates with production output of the crop. Leaf-nutrient concentration like soil fertility showed a vide variation, from 2.05% to 2.35% N (median 2.47%), 0.09% to 0.13% P (median 0.11%), 1.12 to 2.13% K (median 1.43%), 1.82% to 2.42% Ca (median 1.98%), and 0.22 to 0.42% Mg (median 0.34%).  Similarly, the micronutrients, namely Fe, Mn, Cu and Zn, expressed in ppm (parts per million), varied from, 133.5 to 281.2 (median 138.9 ppm), 51.6 to 100.3 (median 60.2 ppm), 5.1 to 22.4 (median 8.5 ppm), and 14.5 to 25.6 (median 25.5 ppm), respectively. Using this data bank, leaf nutrient optima for different nutrients were developed using DRIS based software.

Identification of promising production zones :All these maps were superimposed over each other using GIS software and the promising  clusters  of high performance orchards with minimum spatial variability in nutrient constraints in northeast India were identified as per the details given below :

	Production Zone - I

(26-27o 8-25’ 13-43” N latitude; 92o23-59’ 0.82-43”E longitude)

· Navgaon, Assam

· Rangpara, Assam



	Production Zone - II

(26-27o 25-36’ 36-51” N latitude; 93o23-58’ 2-21” E longitude)

· Golpara, Assam

· Mirik, Kalimpong

· Lisa hills, Darjeeling



	Production Zone - III

(26-27o 6-44’ 20-56” N latitude; 91-92o 33-57’ 6-17” E longitude)

· Shergaon, Arunachal Pradesh

· Dirang, Arunachal Pradesh

· Tenga Valley, Arunachal Pradesh




(Based on 52 georeferenced grid points covering 108 Khasi mandarin orchards across 7 states of northeast India)
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Fig. 1 : GIS-based distribution of NPK constraints in Khasi mandarin  


            orchards of northeast India





Fig. 2 : GIS-based spatial distribution of Ca, Mg  and Fe constraints in 


            Khasi mandarin orchards of northeast India





Fig. 3 : GIS-based spatial distribution of Mn, Cu and Zn constraints 


              in  Khasi mandarin orchards of north east India
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